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Abstract
Objective. To explore the outcome differences of lumbar transforaminal epidural steroid injection (TFESI) according to magnetic resonance imaging (MRI) findings in patients with lumbar radicular pain.
Design. Retrospective study.
Setting. Single university-based interventional pain management unit.
Patients. Fifty-nine patients who had lumbar radicular pain with a recent lumbar MRI and three-month follow-up were included.
Methods. MRI findings were reviewed for the following items: herniation type (bulging, protrusion, extrusion), herniation location (central, subarticular, foraminal, extraforaminal), high intensity zone (HIZ), and nerve root impingement (NRI). Pain severity was evaluated using a visual analogue scale (VAS) at time of before injection, then two weeks and three months after.
Results. Pain scores improved significantly in each group (P < 0.05) at all time points, but there were no statistically significant differences in improvements according to type or location of disc herniation. Pain scores were significantly lower in patients with HIZ at the second week and in patients with NRI at the third month (P < 0.05).
Conclusions. TFESI was an effective treatment method in patients with radicular pain, irrespective of the type or location of disc herniation. However, greater improvement in pain may be expected at the second week in patients with HIZ and at the third month in patients with NRI.
Introduction
It has been shown that lumbar tranforaminal epidural steroid injection (TFESI) is an effective treatment method for lumbar radicular pain in selected cases [1, 2] . However, many factors can influence the therapeutic effect of lumbar TFESI. Although most interventionists tend to evaluate lumbar magnetic resonance imaging (MRI) before an intervention, the literature is not clear about the predictive value of pathologies seen on MRI [3, 4] . Therefore, the aim of this study was to detect any difference in outcome from lumbar TFESI according to MRI findings in patients with radicular lumbar radicular pain
Methods
The institutional ethics committee approved this restrospective study. One experienced physician reviewed the records of patients who underwent single-level lumbar TFESI under fluoroscopy in our interventional pain unit between 2013 and 2014. Included in the study were 59 patients who had lumbar radicular pain with a recent lumbar MRI and three-month follow-up. Patients with either previous injection within three months or previous operation and patients without a concordant disc herniation on MRI were not included in the study (e.g., L3 radicular pain with L4-5 disc pathology on MRI). Response to injection was measured by 100 mm visual analogue scale (VAS). VAS scores before the injection, two weeks after, and three months after the injection were analyzed.
The MRIs of all patients were collected in digital format ( Figure 1 ) and were assessed by one experienced physician who did not know the treatment outcome of the patients. MRI pathologies were classified according to the recommendations of the combined task forces of the North American Spine Society, the American Society of Spine Radiology, and the American Society of Neuroradiology (version 2.0, 2014) [5] .
MRI findings were reviewed for the following items: herniation type (bulging, protrusion, extrusion), herniation location (central, subarticular, foraminal, extraforaminal), high intensity zone (HIZ) present or absent, and nerve root impingement (NRI) present or absent.
One pain medicine specialist who had considerable experience in TFESI procedures performed the TFESIs using fluoroscopic guidance. With patients in the prone position and under sterile preparation, a 22G spinal needle was advanced into the intervertebral foramen under fluoroscopy guidance. After seeing the proper spread of contrast agent (Omnipaque 300) (Figure 2 ), a mixture of steroid (1 mL of betamethasone acetate 3 mg/mL and betamethasone sodium phosphate 3.947 mg/mL) and local anesthetic (1 mL of 2% lidocaine) was injected into the epidural space.
The segmental level for the injection was chosen according to the affected nerve root, not according to the Figure 1 An example of sagittal and axial magnetic resonance images showing subarticular protrusion in a patient treated with transforaminal epidural steroid injection. disc pathology itself. For example, if an L4-5 intervertebral disc herniation involved the L5 nerve, the needle was placed in the L5-S1 foramen. Affected nerve root was determined according to clinical findings and electromyography (EMG; if performed). EMG was not routinely performed, but six patients had an EMG study before the procedure. In five of these patients, EMG studies were concordant with the MRI and the clinical picture. In one patient, MRI showed disc pathology at L4-5 and L5-S1, but EMG showed L5 root involvement. In that patient, the L5 root was targeted.
Statistical analysis was performed by the Statistical Package for Social Sciences (SPSS) program version 16.0 for Windows (SPSS Inc., Chicago, IL, USA). For descriptive data, mean 6 standard deviation notation was used. The comparisons between the groups were made using the Kruskal-Wallis and Mann-Whitney U tests. The results were compared by using the Friedman statistic, and post hoc comparisons were made by using the Mann-Whitney U test for differences between the groups and the Wilcoxon signed rank test for comparisons of the data within the groups. A p value of less than 0.05 was considered to be statistically significant. Improvements in pain by 30 points or by 50% were regarded clinically significant, as these values constitute the minimal clinical important changes for lumbar radicular pain [6] .
For each time of follow-up, the percentage relief of pain for each patient was calculated as the difference in pain score from inception, divided by the inception score, multiplied by 100. Success rates (and 95% confidence intervals) were calculated, defined as the number of patients who achieved 50% or greater reduction in pain, divided by the total number of patients treated.
Results
The patients were aged 45.3 6 12.5 years (range ¼ 22-70 years), with a duration of symptoms of 5.7 6 4.2 months ( Table 1) . The L5 and S1 nerves were most commonly targeted for treatment. 
Importance of MRI Findings for TFESI
For the entire group of patients, improvements in mean pain scores were statistically significant at two weeks later and at three months after treatment, with 25 (42%) reporting at least 50% relief at two weeks, and 33 (56%) at three months.
With respect to type of disc herniation, 17 patients (27%) had a bulging disc, 29 (45%) had a protrusion, and 18 patients (28%) had an extrusion. The herniation was central in 17 patients (27%), subarticular in 33 (52%), foraminal in nine (14%), and extraforaminal in five patients (8%). HIZ was present in 17 patients (27%). NRI was present in 26 patients (41%) ( Table 2 ).
When stratified according to side of injection, segmental level treated, and herniation type or location, improvements of pain scores were not significantly different statistically, at either period of follow-up (Table 2 ). In patients who had an HIZ, pain scores were significantly lower statistically, although not clinically, at two weeks, but not at three months (Table 2 ). In patients with nerve root irritation, pain scores were significantly lower statistically, although not clinically, at three months, but not at two weeks (Table 2) .
Between the stratified groups, success rates did not differ according to type or location of herniation (Table  3) . In patients with an HIZ, the success rate at two weeks was substantially greater than in those who did not have an HIZ, but it did not reach statistical significance. The success rates in patients with nerve root irritation were nearly twice those in patients with no irritation, but just failed to reach statistical significance (Table 3) .
Discussion
Certain features confer some degree of external validity to the present study. The prevalence of HIZ was typical of the rates reported in the literature [7] , and the success rates achieved from treatment were statistically equivalent to those reported in the literature for outcomes at one month or two months [8] [9] [10] [11] [12] [13] [14] . This shows that we were seeing the same sorts of patients and that our experience of using TFESI was like that reported in the literature. In principle, therefore, our results should be applicable to practice in general.
With respect to the question raised for the present study, our results showed that the type of herniation or its location did not influence outcome from treatment.
With respect to type of herniation, our results are consonant with those of Choi et al.
[4] and Lee et al. [15] , but Choi et al. [4] suggested that unsatisfactory results were more likely in patients with subarticular herniation, which was not our experience; Lee et al. [15] promoted foraminal and extraforaminal herniations as the only good predictors of outcome, which also was not our experience. However, with respect to the latter, the present study was underpowered to resolve this issue; there were only eight and three patients who had foraminal and extraforaminal herniations, respectively.
Curious are the significant differences in pain scores of patients with HIZ and with nerve root irritation. These differences need to be interpreted with caution. In the first instance, because they did not occur consistently over both periods of follow-up, they could be no more than statistical aberrations, or due to factors that were Table 2 Mean pain scores and standard deviations at inception and at two weeks and three months after treatment with transforaminal epidural injection of steroids, stratified according pathologies seen on magnetic resonance imaging not measured. The fact that they were not reflected by statistically significant differences in success rates suggests that the sample size was too small to validate the differences convincingly. Nevertheless, other considerations might apply.
In some studies, disc herniations could not be found on MRI in many people with clinical symptoms of sciatica [16, 17] . In such cases, it is suggested that inflammation of the nerve root may be a major factor, more important than anatomic contact between disc and nerve root [18] . Accordingly, the anti-inflammatory effect of steroids is the main proposed mechanism of action of TFESI [19] . If, as suggested, inflammation may be more prominent in patients with an HIZ [20] , a single dose of steroids might antagonize inflammatory exudates temporarily, but in time exudates continue to be produced and overcome the inhibitory effects and any remaining steroids. This could explain the occurrence of an early effect in patients with an HIZ, but lack of a persisting one. This contention, however, will not be resolved until inflammatory markers can be measured readily in vivo and correlated with outcomes.
A converse interpretation applies to the late effects of nerve root irritation. This effect was evident in the group pain scores at three months but is partially corroborated by success rates in patients with nerve root irritation that were nearly twice those of patients without irritation, both at two weeks and at three months. In this regard, Ghahreman and Bogduk [8] found that success rates from TFESI were nearly three times greater in patients with low-grade nerve root compression than in those with high-grade compression, yet Paidin et al. [21] showed that patients with larger herniations and higher grades of compression benefit longer from a TFESI. Our results concur with the latter, but we did not explicitly grade the degree of nerve root impingement. Our interpretation of the late onset of greater success in patients with nerve root irritation in our study is that TFESI might lead to reduction of impingement over time. This would need to be tested in a controlled study with MRI correlation.
Notwithstanding these matters of interpretation, our results reinforce the literature that shows that TFESI is often a successful treatment for lumbar radicular pain; furthermore, they show that no features on MRI clearly predict outcomes. There may be predictive value in patients with HIZ or nerve root impingement, but differences in outcome are not great enough to deny treatment to patients who do not have these features. 
